The number of moults per annual cycle and their final spatial pattern (i.e. topography) show high interspecific variation in the order Passeriformes. Factors behind this variability remain obscure, especially for variability in spatial pattern among species. Here, we explored the relative influence of ten ecological, ontogenetic, social and sexual factors on the evolution of autumn moult (feather replacement largely undertaken by migratory species, which is not necessarily an independent episode within their moult cycle) and prealternate moult among Northern Hemisphere species of the family Motacillidae using phylogenetically controlled analyses, ancestral state reconstruction and analyses of correlated evolution. The results strongly support the presence of prealternate moult and absence of autumn moult as ancestral states in this family. A high rate of change between related species indicates phylogenetic independence among prealternate moult patterns and examined factors. Migration distance and gregariousness are the most important factors influencing prealternate moult evolution, and point toward natural selection and sociality as the most important evolutionary drivers of prealternate moult in Motacillidae. Breeding latitude, seasonal plumage change, winter plumage conspicuousness, sexual dichromatism, plumage maturation and extent of preformative moult show a minor influence, and suggest that ontogeny and sexual selection may have played a limited role in shaping prealternate moult in Motacillidae.
INTRODUCTION
Moult is the process that allows the maintenance and adjustment of plumage functionality throughout the annual cycle (Jenni & Winkler, 1994) . A high amount of variability in moult strategy within and among species (Svensson, 1992; Pyle, 1997a, b) is achieved through many elements that integrate a species' moult strategy (Barta et al., 2006) : topography (the spatial configuration of the replaced feathers after a moult; Guallar et al., 2014) , energetic requirements, feather quality, number and timing of moults per cycle, intensity, duration and order of replacement. Moult strategies may affect survival and fitness (Holmgren & Hedenstr€ om, 1995) , and have probably evolved in response to shifts in natu-ral history and environmental parameters (Rohwer et al., 2009; Pap et al., 2015) .
Until now, most studies have emphasized the evolution of the preformative and definitive prebasic moults (equated to the postjuvenile and postnuptial moults, respectively; terminology follows Howell et al., 2003) , while other moults have received less attention. The presence of a single moult within the annual cycle, the prebasic moult, is the ancestral state in passerines, and the addition of the prealternate moult (equivalent to the prenuptial moult) is considered an autapomorphy with multiple independent evolutionary origins (Figuerola & Jovani, 2001; Howell et al., 2003) . The prealternate moult is largely undertaken by migratory species before departing their wintering grounds. However, the existence of other moult episodes is controversial. In particular, the replacement of feathers upon arrival at the winter groundsusually in early autumnis rarely *Corresponding author. E-mail: sguallar@yahoo.com acknowledged as an independent episode (Howell et al., 2003; Newton, 2008: 305-306) . Autumn feather replacement of migratory passerines has been routinely reported in their winter grounds (Shirihai, Helbig & Gargallo, 2001; Alstr€ om & Mild, 2003; Guallar et al., 2009 ), but it usually involves only body feathers, suggesting the end of a previous 'true' moult episode, suspended or not (birds may migrate while still replacing part of their body plumage, even the juvenal one, which may affect aerodynamics; Butler, Donahue & Rohwer, 2002) . Some migratory species are known to suspend their prebasic/preformative moult until they finish migration (e.g. Alstr€ om & Mild, 2003) , although some clearly have an autumn moult episode (e.g. Passerina buntings and Bell's Vireo Vireo bellii; Guallar et al., 2009) . Regardless, autumn moulting may constitute an individual-or species-level strategy to cope with tight complex annual cycles (Wingfield, 2008) . Besides taking place outside the breeding grounds, prealternate and autumn moults neither overlap in time nor interact directly with reproduction. For these reasons, we categorize them as 'non-breeding moults'. Migration is a strong selective factor that influences the evolution of non-breeding moult strategies (Svensson & Hedenstr€ om, 1999; Figuerola & Jovani, 2001) , but other factors may also affect the timing and duration of moult. For example, depletion of food resources and presence of predators may affect the schedule of primary moult (Voelker & Rohwer, 1998; Rohwer, Butler & Froehlich, 2005; Ydenberg, Butler & Lank, 2007) , and moult duration is related to wing size (Bridge et al., 2007; Rohwer et al., 2009 ).
Evolution of moult may have not only been affected by natural selection, but also by sexual selection (Simpson & Campbell, 2013) . Birds use different plumage characteristics for mate choice (Zahavi, 1997) , and the emergence of the prealternate moult in a species annual cycle could have been targeted by sexual selection to produce a brighter plumage during the mating season (Figuerola & Jovani, 2001; Peters, 2007) . The extent of the preformative moult may also serve as an indicator of health status (Senar, Copete & Martin, 1998; L opez et al., 2005) .
For these reasons, natural and sexual selection appear to be drivers of moult evolution. Here, we use phylogenetically controlled comparative analyses to evaluate the relative influence of different ecological, social and sexual factors on the evolution of nonbreeding moult among species of the family Motacillidae, which has a well-documented and highly diverse natural history (Cramp, 1988; Alstr€ om & Mild, 2003) . We focused on the 25 of the 31 species of this family breeding in the Northern Hemisphere with published descriptions of non-breeding moult.
We test six hypotheses on the potential factors mentioned above. First, migratory behaviour may have favoured the evolution of non-breeding moults. If this is the case we can expect more extensive nonbreeding moults as migratory distance increases. This hypothesis has already received support from previous studies analysing the number, seasonality and extent of moult in some European passerines (Svensson & Hedenstr€ om, 1999; Figuerola & Jovani, 2001) although it has not been tested for the autumn moult. One mechanism proposed to explain this effect is a reduction in feather quality induced by time constraints (de la Hera, P erez-Tris & Teller ıa, 2009) arising from ever tighter moult schedules, so that birds have less time available to grow high-quality feathers (Hall & Fransson, 2000; Dawson, 2004) . Species under strong time constraints before departing the breeding grounds tend to present more moult episodes and more extensive ones than those that do not face time constraints (Holmgren & Hedenstr€ om, 1995) . Exposure to increased solar radiation in winter grounds as migration distance increases is also thought to explain this effect (Bergman, 1982; Figuerola & Jovani, 2001) .
Latitude may have influenced the evolution of nonbreeding moult episodes as well. This second hypothesis suggests that time for moult is constrained by climatic conditions at northern latitudes (Dawson, 2008) . According to this hypothesis, species breeding at higher latitudes may experience increasing time constraints and may grow lower quality feathers (Hall & Fransson, 2000; Kiat & Izhaki, 2016) which they would tend to renew as soon as possible after departing the breeding grounds. Consequently, autumn moult will be more frequent and also will tend to be more extensive in these species. Extreme time constraints before migration would tend to cause very reduced prebasic or preformative moults (Barta et al., 2006) . However, sexual selection would not exert pressure on this moult in Motacillidae, as autumn moult in species of this family does not involve changes in coloration, and autumn plumage is overridden by the prealternate moult before the onset of the breeding season.
The third hypothesis states that the prealternate moult may have evolved to allow plumage coloration changes. Seasonal changes can be achieved through wear (e.g. in Common Reed Bunting Emberiza schoeniclus; Cramp & Perrins, 1994) and photo-oxidation (e.g. in Common Linnet Carduelis cannabina; Blanco et al., 2005) , but most species achieve them through moult. The prealternate moult may become more extensive to allow larger plumage changes. The same effect could be found in conspicuous species to allow the acquisition of brighter alternate plumages. Note that seasonal changes in plumage coloration are not necessarily associated with sexual dichromatism (e.g. Water Pipit Anthus spinoletta).
The fourth hypothesis posits that the evolution of prealternate moults may have been driven by sexual selection. Moult is an energetically costly process (Murphy, 1996) , and as such may honestly signal physical condition; therefore, individuals with more extensive prealternate moult may have an advantage as potential breeding mates. Sexual selection also predicts more extensive prealternate moult as sexual dichromatism becomes greater: species with sexual marks restricted to an area of the bodysuch as the eyebrow of Blue-gray Gnatcatcher Polioptila caerulea (Guallar et al., 2009 )would tend to replace fewer feathers than species with overall dichromatic plumage such as Summer Tanager Piranga rubra (Pyle, 1997a, b) . Here, we test the second prediction of this hypothesis: the influence of dichromatism on moult evolution.
The fifth hypothesis posits that social selection may have influenced the evolution of non-breeding moults through the acquisition of new functions such as status signalling. Gregarious species display badges of status (Tibbets & Safran, 2009; Chaine et al., 2013) and their signal phenotype probably expresses other aspects of their social environment (Dey, Dale & Quinn, 2014) , which can be mediated through non-breeding moults. This hypothesis predicts more extensive non-breeding moults in more gregarious species (probably associated with higher social complexity).
Finally, the sixth hypothesis posits that ontogenetic factors may have contributed to shaping nonbreeding moults. Plumage maturation is delayed in first-cycle individuals of many species until the prealternate moult (Rohwer, Fretwell & Niles, 1980; Hill, 1996) . This delay may have selected for a more extensive first prealternate moult in order to acquire an alternate plumage as similar to the definitive alternate plumage as possible. Partial preformative moults could have influenced non-breeding moult evolution, as plumage gaps should be filled and formative feathers of potentially lower quality (Butler, Rohwer & Speidel, 2008; Echeverry-Galvis & Hau, 2013 ) are replaced as soon as possible.
MATERIAL AND METHODS

DATASET AND PHYLOGENETIC RELATIONSHIPS
We obtained information on moult strategies, plumage characteristics, gregariousness, habitat occurrence and latitudinal distribution of Motacillidae of the Northern Hemisphere from Alstr€ om & Mild (2003; see Supporting information, Table S1 , Data S1). When intraspecific variation in the variable of interest exists, we discarded infrequent values and calculated the arithmetic mean of the remaining ones. We completed gaps on gregariousness using information from Etchecopar & H€ ue (1983) and Ali & Ripley (1993) .
We visually scored dichromatism, conspicuousness and seasonal plumage change for each species using illustrations in Alstr€ om & Mild (2003) . To reduce subjectivity, we averaged the scores of three observers for each of these variables.
We included body mass as a surrogate of size (data from Dunning, 2007) . Because no information on body mass of the recently described Mekong Wagtail Motacilla samveasnae is available, we took it as the mean of White Wagtail Motacilla alba and African Pied Wagtail Motacilla aguimp, due to the similarity to these two species (see Diagnosis in Duckworth et al., 2001) .
Species range maps were downloaded from Bird-Life International and NatureServe (2014). Migration distance was computed as the kilometres between the centroid of the wintering range and the centroid of the breeding range using QGIS (QGIS Development Team, 2015) . Centroids were weighted by the area of polygons. Latitudinal distances between the breeding and wintering centroids were calculated using Geographic Distance Matrix Generator (Ersts, 2015) .
We created four categories of mass and breeding latitude from the computation of three quartiles on our dataset (Supporting information, Table S1 ). Likewise, we created three categories of migration distance by computing two quartiles for migratory species and added a fourth category for non-migrant species. The purpose of using the same scale for all covariates was to allow direct comparisons among the model estimates.
For our working phylogeny we downloaded 10 000 trees for our set of species from birdtree.org (Jetz et al., 2012) , and then derived a consensus tree, assigned all internode branches equal to 1 and forced tips to be contemporaneous (Pagel, 1992) . We used Slate-throated Redstart Myioborus miniatus as the outgroup (data from Guallar et al., 2009) .
To check sensitivity to phylogeny, we replicated all our analyses using published phylogenetic trees for this family (Voelker, 1999; Alstr€ om & € Odeen, 2002) . As results only show minor differences, we included our replicates in the Supporting Information (Figs S4, S5, Table S5 ).
INFLUENCE OF NATURAL HISTORY FACTORS
To control for the phylogenetic relationship among the sampled species we used phylogenetic generalized least squares regression (PGLS; Pagel, 1997 Pagel, , 1999 ) models as implemented in the R statistical environment (The R Foundation for Statistical Computing, 2015) and the libraries ape, geiger and nlme. The PGLS approach controls for non-independence among species by incorporating a matrix of the covariances based on their phylogenetic relationships (Martins & Hansen, 1997; Pagel, 1997 Pagel, , 1999 .
We estimated the phylogenetic signal (k) using the unpublished function pglm3.3.r (R. Freckleton, University of Sheffield). The phylogenetic signal represents the importance of phylogenetic correlation within the data (Freckleton, Harvey & Pagel, 2002) and varies between 0 and 1. We then tested the statistical significance of k against theoretical values of 0 and 1 using likelihood ratio tests. Finally, k was incorporated in the correlation structure of the PGLS models to control for the effect of phylogenetic relationship (Harvey & Pagel, 1991; Martins & Hansen, 1997) .
We first explored the relative importance of nine covariates on the prealternate and the autumn moults in two sets of PGLS models: migratory strategy, mean breeding latitude, seasonal plumage coloration change (only in prealternate models as autumn moult are not associated with changes in plumage coloration), male basic plumage conspicuousness, sexual dichromatism in alternate plumage, gregariousness in the non-breeding season, nonbreeding moult pattern (autumn on models with prealternate moult as response and vice versa), habitat and body mass (Supporting information, Table S1 ). Each set of models contains all combinations among the covariates (2048 models for the prealternate moult as response, and 512 models for the autumn moult as response).
We also investigated the possible influence of ontogeny on prealternate and autumn moults by including two age-specific covariates, plumage maturation and preformative moult, in two new sets of models. Again, each of these two sets of PGLS models contains all possible combinations among the covariates.
We ranked the models according to their Akaike information criterion corrected for small sample size (AICc) values, and calculated the relative importance of each covariate based on its Akaike weight using the zero method implemented in package MuMIn. In the zero method (Burnham & Anderson, 2002) , all covariates absent from models are substituted by zeros, and estimates are obtained by averaging over all models in the top model set (Grueber et al., 2011) . This method is recommended in studies aiming at determining which factors have the strongest effect on the response variable (Nakagawa & Freckleton, 2011) . As we standardized our covariates, we assessed their relative magnitude and direction directly. Each estimated coefficient in the average model equates to effect size of its corresponding covariate (Grueber et al., 2011) . We expressed parameter uncertainty by means of the estimated standard error (Burnham & Anderson, 2002) , and model uncertainty as the percentage of models used to create the 95% confidence sets of models (McAlpine et al., 2008) .
We compared migration distance and breeding latitude among species with or without non-breeding moults, using phylogenetic ANOVA (Garland et al., 1993) using the phytools package.
ANCESTRAL STATE RECONSTRUCTION AND
CORRELATED EVOLUTION
We first tested for differences in transition rates between states using default settings in BayesTraits (Pagel, 1999; Pagel, Meade & Barker, 2004) . The significant differences between transition rates were incorporated in subsequent analyses. Next, we checked whether the evolution of non-breeding moult was directional. Model selection was based on Bayes factors (BFs) (Kass & Raftery, 1995) .
We reconstructed the ancestral state of non-breeding moults in our replicate phylogeny (Supporting information, Fig. S1 ) calculating state likelihoods at each node to determine final maximum likelihood of the ancestral state (Schluter et al., 1997) . We dealt with the polytomy by averaging the values of the involved species (all absences for the autumn moult, two presences and two absences for the prealternate moult).
Reliable statistical inference could not be drawn for the autumn moult because of the low number of species that present it (N = 7). Nevertheless, we show the output of correlated evolution and relative importance analyses for this moult in the Supporting Information (Data S1).
RESULTS
Phenology of non-breeding moults in Motacillidae of
the Northern Hemisphere is synthesized in Figure 1 . Only four species (16%) do not show non-breeding moults, all of which are non-migratory except the Japanese Wagtail Motacilla grandis (a short-distance migrant). The remaining species undergo either prealternate moult or autumn plus prealternate moults (only seven species show autumn moult, 28%). There were no species that underwent only autumn moult. Alstr€ om & Mild (2003) state that in species with two non-breeding moults the same feathers are replaced in both episodes.
RELATIVE IMPORTANCE OF NATURAL HISTORY
FACTORS
Migration distance, gregariousness and seasonal change are the most important factors influencing prealternate moult, with maturation ranking fourth in first-cycle birds (although the latter two factors with much lower relative importance values; Fig. 2 ). However, only migration reached statistical significance in the averaged model. Breeding latitude, sexual dichromatism, plumage conspicuousness and preformative moult had little influence. Coefficients of the covariates had the expected signs: positive for all the previously mentioned covariates except preformative moult, conspicuousness, dichromatism and habitat (Table 1) . Model and parameter uncertainty are moderately high (Fig. 2, Table 1 ).
The phylogenetic signal k < 0.001 for all models was significantly different from 1 (loglik > 8.43, P < 0.004) but not from 0 (loglik < À0.001, P = 1), which implies phylogenetic independence due to a very high rate of change between related species.
Species with autumn moult (mean AE SE migration distance 3158.58 AE 2064.08 km, N = 7) and species without it (2856.23 AE 2463.72 km, N = 18) did not show significant differences (F 1,24 = 0.08, P = 0.88).
We did not find significant differences between the number of migratory and non-migratory species with autumn moult (chi square test v 2 = 0.30, P = 0.58). Species with prealternate moult (mean AE SE migration distance = 3426.78 AE 2195.46 km, N = 21) undertook significantly longer migrations than species without it (389.96 AE 7 99.92 km, N = 4; F 1,24 = 7.26, P = 0.007).
Species with autumn moult (mean AE SE breeding latitude = 35.55 AE 21.05°, N = 7) bred farther south than species without it (43.63 AE 19.88°, N = 18). Again, differences were not significant (F 1,24 = 0.81, P = 0.60).
Migration distance did not influence the occurrence of non-breedingmoults,andnodifferencesinmigratorydistance were found between species with prealternate moult (3560.87 AE 2321.85 km, N = 14) and species with both prealternate and autumn moult (3158.58 AE 2064.08 km,N = 7;F 1,24 = 1.84,P = 0.21).
ANCESTRAL STATE RECONSTRUCTION AND
CORRELATED EVOLUTION
Evolutionary gains of prealternate moult were more frequent than losses (log BF = 7.88) and transitions Figure 1 . Annual moult cycle of Northern Hemisphere Motacillidae (prebasic moult is not shown). Preformative moult shows the widest range of moult extent values. Autumn moult takes place immediately after migration from the breeding grounds and prealternate moult before migration to the breeding grounds. It is important to bear in mind that autumn moulting could actually be the completion of suspended or protracted prebasic/preformative moults in some cases. Moult extent values were rounded to the nearest integer. Each species' moult was assigned to the second month of the period recorded by Alstr€ om & Mild (2003) because this probably coincides with moult peak (highest overlap of individuals and highest moult intensity). Prealternate moult phenology of paddyfield pipit Anthus rufulus and Mekong wagtail have not been documented yet and are not included here. The key refers to categories defined in Supporting Information (Table S1 ). towards autumn moult were also more frequent than losses (log BF = 2.54).
We found no support for directionality in the evolution of non-breeding moults (log BF = 0.45 for prealternate moult; log BF = 1.12 for autumn moult).
Our reconstruction of non-breeding moult strongly supports the presence of prealternate moult as an ancestral state (likelihood = 0.96) of Motacillidae breeding in the Northern Hemisphere but not autumn moult (likelihood = 0.82) (Fig. 3) .
The four wagtails included in the polytomy plus the clade encompassing the seven species from Longbilled Pipit Anthus similis to Upland Pipit Anthus sylvanus contain all non-migratory species that breed in more southern latitudes (Fig. 3) . Unexpectedly, the latter clade contains 71% (five) of all species with autumn moult (Fig. 3) .
We found very strong support for the correlated evolution of the prealternate moult and the two most important covariates that influence it: migration and gregariousness (Table 2) . Species without autumn moult have a plumage throughout the winter that is acquired in either the prebasic or the preformative moult. As the prebasic moult is always complete in this family, variation in the extent of the preformative moult might be influenced by some of these natural history factors. As 16 of the 18 species which did not present autumn moult showed winter gregariousness, we also checked the correlation between preformative moult and winter gregariousness and found a strong association (log BF = 2.65), which suggests an influence of sociality on the evolution of this moult episode.
We found a direct relationship between migration distance and breeding latitude in Motacillidae [in accordance with Outlaw & Voelker (2006) but contrasting with the results obtained from a broad taxonomic group by Figuerola & Jovani (2001) ; Supporting information, Fig. S7 ). We also found a positive but weak correlation between breeding latitude and extent of prealternate moult (log BF = 1.93). This could be an additive effect which would enhance the effect of migration distance, especially in species without autumn moult.
DISCUSSION
To examine evolutionary pressures that underlie non-breeding moult strategies, we tested multiple Figure 2 . Relative importance of covariates used for prealternate moult models based on the subset whose accumulated Akaike weights reached 95% of the total averaged models: 529 and 154 for first and definitive cycles, respectively, which corresponds to 25.8 and 30.1% model uncertainty. The scale indicates the sum of Akaike weights.
hypotheses for the evolution of non-breeding moult using broad-scale natural history information of the Motacillidae breeding in the Northern Hemisphere.
In agreement with previous studies (Svensson & Hedenstr€ om, 1999; Figuerola & Jovani, 2001) , we found that migration distance is the most important factor influencing non-breeding moults. Species that undertake longer migrations are also likely to be exposed to more intense solar radiation in the wintering grounds, a factor that may increase plumage deterioration (Lennox & Rowlands, 1969; Surmacki, Sieffermann & Yuan, 2011 ; but see Willoughby, 1991) . While the evolution of prealternate moult is highly correlated with migration distance, the occurrence of non-breeding moults was not related to migration distance.
The relationship between non-breeding moults and breeding latitude does not support the hypothesis predicting more extensive autumn moult as species breed at higher latitudes, suggesting phylogenetic inertia.
Seasonal plumage change is an important life-history trait in the annual cycle of many bird species, including Motacillidae, as it involves behavioural changes (Ruff Philomachus pugnax and Rock Ptarmigan Lagopus mutus are extreme cases; Hogan-Warburg, 1966; Montgomerie, Lyon & Holder, 2001) and physiological changes (Brush, 1990) with fitness consequences mediated by variation in predation rates (Montgomerie et al., 2001) and mating success (Andersson, 1994) . Seasonal change was the third most important factor but was weakly correlated to prealternate moult. This low influence on the evolution of prealternate moult is probably due to the limited seasonal plumage changes that species of this family undergo (only four of 25 species presented changes that were scored as moderate). Seasonal plumage changes may take place to a greater extent in males than in females (e.g. they are very conspicuous in the migratory species of the genus Piranga in the family Cardinalidae). As few sex-specific differences in moulting strategies are mentioned in the literature (Pyle 2007) , it is thus not surprising that seasonal change was only weakly correlated with prealternate moult extent. It again points to the occurrence and extent of prealternate moults being driven by the need to replace feathers due to loss of functionality, at least partially. Any increase in colour change in males based on sexual selection would then have occurred after the moult had evolved in both sexes due to other factors.
In agreement with Figuerola & Jovani (2001) , sexual dichromatism showed a small influence on prealternate moult. Sexual dichromatism is associated with losses of female ornamentation in other passerine families (Friedman et al., 2009; Coefficients (adjusted standard error) with shrinkage are based on the subset of total averaged models whose accumulated Akaike weights reached 95%. Significance is indicated by bold type. Only migration distance and gregariousness had noticeable effect sizes.
Johnson & Murphy, 2015) , so that prealternate moult is not necessarily linked to an increase in sexual dichromatism. Thus, sexual selection seems to have played a limited role in the evolution of prealternate moult in Motacillidae.
Sociality had a remarkable influence on the evolution of prealternate moult as shown by its very strong correlation with gregariousness and by the fact that this covariate is the second most important one explaining variation of prealternate moult. Gregariousness characterizes the winter social behaviour of many species of Motacillidae but, contrary to predictions from our hypothesis, of nine species that showed mid to high gregariousness only Yellow Wagtail Motacilla flava and Citrine Wagtail Motacilla citreola presented autumn moult. Given this, why might gregariousness exert its influence at the end of the winter period? February to April, the peak of prealternate moult in our study species (Fig. 1) , coincides with depletion of food resources in many regions (Lack, 1966; Karr, 1976; Sherry, Johnson & Strong, 2005) , which can influence prealternate moult (Danner et al., 2015) . In this context, prealternate moult (and partic- Figure 3 . Phylogenetic reconstruction of non-breeding moults. Pie charts on internal nodes depict likelihood of presence/absence for prealternate moult on the left tree, and for autumn moult on the right tree. The four tip nodes depict, from left to right: migration distance, gregariousness, preformative wing-moult extent (categorization in Supporting Information, Table S1 ) and breeding latitude. (L opez et al., 2005) also take place at the end of this period, in which signal of a higher status could be advantageous for example to claim the safest places in the roost (Beauchamp, 1999) . As expected, higher scores of delayed plumage maturation were associated with more extensive prealternate moults, and prealternate moult extent decreased with extent of preformative moult. The prealternate moult was weakly correlated with these two factors, which were the fourth and fifth most influential ones in first-cycle birds. Altogether, these ontogenetic factors do not seem to have played an important role in the evolution of prealternate moult, although preformative moult may have had a stronger influence on autumn moult (see Supporting Information, Data S1).
We have studied the effect of multiple natural history factors on the evolution of non-breeding moults in the family Motacillidae. Lack of information for many species reduces the scope of our conclusions but we can still provide insight into the fact that non-breeding moult may have evolved under different selective forces in different taxonomic groups. We found that migration distance is the most influential force in Motacillidae, although gregariousness has also been an important driver of moult evolution. However, we still lack detailed information on other essential factors that may have played an even more important role in the evolution of non-breeding moult strategies in Motacillidae, such as feather quality and variation of feather coloration throughout the year. Differences in feather quality among species and even within individual feathers (especially in nestlings) are important drivers of the extent of the preformative moult of passerines (Weber et al., 2005; Kiat & Izhaki, 2016) .
There was a remarkable versatility in the evolution of moult strategies as suggested by the lack of phylogenetic inertia. This capacity for rapid change highlights their adaptive character, which introduces a great deal of flexibility in the moult strategies of passerines, and also has contributed to diversification of their natural histories by taking up new functions such as social signalling under selective pressures conditioned by changes in the state of other traits. For example, the gain of a prealternate moult might subsequently be targeted by sexual selection to originate sexual dichromatism. Phylogenetic analyses may help to elucidate the selective forces at work, but the genetic basis of moult evolution remains virtually unexplored. Future research should investigate which genes are involved and how differences in gene regulation relate to different moult strategies in birds.
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